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The gauge symmetry SU(5) × U(1)χ is the unique maximal subgroup of SO(10) which retains
manifest unification at MGUT of the Standard Model gauge couplings, especially if low scale super-
symmetry is present. The spontaneous breaking of U(1)χ at some intermediate scale leaves unbroken
a Z2 symmetry which is precisely ‘matter’ parity. This yields a stable supersymmetric dark matter
particle as well as topologically stable cosmic strings. Motivated by the weak gravity conjecture we
impose unification of SU(5) and U(1)χ at an ultraviolet cutoff Λ ∼ α1/2Λ MP ≈ 5× 1017 GeV, where
αΛ denotes the SU(5) gauge coupling at Λ and MP ≈ 2.4× 1018 GeV is the reduced Planck Scale.
The impact of dimension five operators suppressed by Λ on gauge coupling unification, proton life-
time estimates and b− τ Yukawa unification is discussed. In particular, the gauge boson mediated
proton decay into e+pi0 can lie within the 2 − σ sensitivity of HyperKamiokande. We also discuss
how the intermediate scale strings may survive inflation while the SU(5) monopoles are inflated
away. The unbroken Z2 symmetry provides an intriguing link between dark matter, black holes
carrying ‘quantum hair’ and cosmic strings.
I. INTRODUCTION
Grand Unification based on symmetry groups
such as SU(4)c × SU(2)L × SU(2)R [1], SU(5) [2],
SO(10) [3, 4] and E6 [5–7] provide compelling frame-
works for new physics beyond the Standard Model
(SM). Unification of the SM gauge couplings is most
straightforwardly realized within the SU(5) gauge
group with low scale supersymmetry [8]. However, a
discrete Z2 symmetry or ‘matter’ parity is required
in SU(5) to eliminate rapid proton decay and ob-
tain a plausible dark matter candidate in the form
of a neutral lightest supersymmetric particle (LSP).
Moreover, since neutrinos are massless in the SU(5)
framework the observed solar and atmospheric neu-
trino oscillations cannot be explained. Of course,
one is free to include SU(5) singlet right handed neu-
trinos to resolve this latter problem, but this may
not be entirely satisfactory because no symmetry
exists to prevent the right handed neutrinos from
acquiring arbitrarily large masses.
The embedding of SU(5) in an SO(10) (more pre-
cisely Spin(10)) framework nicely resolves the prob-
lem of neutrino masses. The presence of U(1)χ re-
quires three right handed neutrinos, inherited from
SO(10), which help implement the seesaw mecha-
nism and explain the solar and atmospheric neu-
trino data. Furthermore, the right handed neutri-
nos acquire masses only after spontaneous breaking
of U(1)χ at some appropriately high scale, where
U(1)χ coincides with U(1)B−L for SM singlet fields
such as the right handed neutrino.
Another important aspect of the SO(10) symme-
try that is relevant here has to do with its center Z4.
It was shown in ref [9] that the spontaneous break-
ing of SO(10) to SU(3)c ×U(1)em using only single
valued (tensor) representations leaves unbroken the
Z2 subgroup of its center Z4. In a supersymmetric
setting this Z2 is precisely matter parity mentioned
earlier. Since SO(10) is a rank five group, the ques-
tion naturally arises: how does SO(10) break to the
SM ? In a non-supersymmetric setting one or more
intermediate scales are frequently employed to im-
plement, among other things, gauge coupling unifi-
cation. In a supersymmetric setting that concerns
us here, the SO(10) symmetry can be broken in a
single step to the Minimal Supersymmetric Stan-
dard Model (MSSM), keeping intact the Z2 sym-
metry. However, the Higgs fields required to break
SO(10) to MSSM×Z2 reside in such large repre-
sentations that the model becomes non-perturbative
above MGUT (≈ 1016 GeV), the unification scale of
the MSSM gauge couplings.
To overcome this problem, and also motivated by
the weak gravity conjecture, we propose to work in-
stead with the maximal subgroup SU(5) × U(1)χ,
or χSU(5) for short. This subgroup of SO(10)
manifestly preserves gauge coupling unification, and
its U(1)χ component carries in it the Z4 center of
SO(10), such that Z2 survives at the end. According
to the weak gravity conjecture, there exists an ultra-
violet cutoff scale Λ which, in the case of GUTs, is
around 5×1017 GeV. In the scenario we are propos-
ing, the merger of SU(5) and U(1)χ gauge couplings
occurs at a scale of order Λ. Between MGUT and Λ,
the χSU(5) theory remains fully perturbative. Fur-
thermore, we can estimate how the presence of Λ
can impact some of the SU(5) predictions including
proton decay and b − τ Yukawa Unification. [Note
that t−b−τ Yukawa Unification in SO(10) [10] may
be realized at scale Λ.]
The scale of U(1)χ breaking can be estimated from
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2Group Representations
Matter
SU(5) Fi(5¯) Ti(10) ν
c
i (1)
2
√
10U(1)χ 3 -1 -5
Scalars
SU(5) Φ(24) H(5) H¯(5¯) χ(1) χ¯(1) S(1)
2
√
10U(1)χ 0 2 -2 10 -10 0
TABLE I: Matter and Higgs content in minimal
SU(5)× U(1)χ. χ, χ¯ fields implement U(1)χ
breaking and χ¯ provides masses to the right
handed neutrinos, νci . The singlet S plays an
important role during inflation.
a variety of considerations such as neutrino oscilla-
tions, inflation, leptogenesis and cosmic strings. We
briefly discuss how these cosmic strings may sur-
vive inflation while the SU(5) monopoles are inflated
away.
II. GAUGE COUPLING UNIFICATION
AND WEAK GRAVITY CONJECTURE
The field content of χSU(5) is displayed in Table
I. The matter multiplets come from three 16-plets of
SO(10) which contain the right handed neutrinos.
In the Higgs sector we have the usual 24-plet and
also 5, 5¯ fields which contain the two MSSM Higgs
doublets. The SU(5) singlet pair χ, χ¯ acquire in-
termediate scale VEVs such that U(1)χ is broken to
Z2, which is matter parity. Note that the charge as-
signments listed in Table I may suggest that the χ,
χ¯ VEVs break U(1)χ to Z10. However, since the Z5
subgroup of Z10 also resides in SU(5), the effective
unbroken discrete symmetry is Z2.
In Figures [1,2] we display unification of the
MSSM gauge couplings at two loops using the soft-
ware code SARAH [11]. The SUSY scale is taken
to be MSUSY =
√
mt˜1mt˜2 ≈ 3 TeV, where mt˜1
and mt˜2 denote the stop masses. As expected, uni-
fication of the MSSM gauge couplings occurs at
MGUT ≈ 1.07× 1016 GeV.
The figures also display unification of αG and
αχ which we assume occurs at the ultraviolet cut-
off scale Λ ≈ √αGMP . The existence of Λ lying
between MGUT and MP is predicted by the weak
gravity conjecture which is based on a variety of
considerations including black holes and the non-
existence of global symmetries in string theory [12].
In the context of χSU(5), this conjecture predicts
Λ ∼ MP × α1/2Λ , where αΛ denotes the unified cou-
pling at scale Λ. In our case, Λ turns out to be
around 5× 1017 GeV if we identify αΛ with the uni-
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FIG. 1: Running of gauge couplings in MSSM and
χSU(5). Unification of the χSU(5) gauge couplings
occurs at Λ ≈ 5× 1017GeV. µχ = 1014GeV denotes
the U(1)χ symmetry breaking scale and
MP = 2.4× 1018GeV is the reduced Planck scale.
fied coupling αG ≈ 1/25. A comparable estimate
for Λ arises by noting that the effective field theory
based on χSU(5) is asymptotically free and viable at
energies E > MGUT , as long as αG stays larger than
the dimensionless parameter E2/M2P of gravity.
Note that an effective UV cutoff based on black
hole physics and comparable to Λ, is given by ΛG ≈
MP√
N
, where N denotes the number of particle species
at scale ΛG [13].
In Figures 1 and 2, the unified gauge coupling αG
is asymptotically free between MGUT and Λ. This
wont be the case for SO(10) running between MGUT
and Λ.
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FIG. 2: Same as FIG. 1 with µχ = 10
12 GeV.
The appearance of the scale Λ fairly close to
MGUT suggests a possibly more significant role
for higher dimensional operators in GUT related
3physics. In particular, dimension five operators [for
earlier work see ref. [14–16]] suppressed by a sin-
gle power of Λ could alter the predictions for MGUT
which, in turn, would modify the standard proton
lifetime predictions. In [15] the scale Λ was identi-
fied with the compactification scale of an underlying
higher dimensional theory.
Consider the dimension five term ηΛ Tr(F · FΦ),
where η is a dimensionless constant, suppressed by
the cutoff scale Λ. As shown in refs. [14, 15] the uni-
fication conditions on the gauge couplings are mod-
ified as follows,
(1 + )1/2g1(MX) = (1 + 6)
1/2g2(MX)
= (1− 4)1/2g3(MX).
(1)
Here the dimensionless parameter  ≡ ηv√
15Λ
, where v
is the VEV of the SU(5) adjoint Higgs multiplet, and
MX plays the role of MGUT and coincides with it for
 = 0. In FIG. 3 we show a plot of MX versus , and
FIG. 4 shows the corresponding proton lifetime for
p→ e+pi0, which has been calculated using eq.(1.2)
from [17],
Γ−1(p→ e+pi0) = (1.6× 1035 yr)×
(
αH
0.012 GeV3
)−2
(
αG
1/25
)−2(
AR
2.5
)−2(
MX
1016 GeV
)4
.
(2)
Here αH ' 0.01 is the nuclear matrix element rele-
vant for proton decay, and AR ' 2.5 is the renormal-
ization factor of the d = 6 proton decay operator.
A suitably small positive value of  shifts MX to
lower values such that the proton lifetime lies within
the range accessible by the Hyper-Kamiokande ex-
periment.
Regarding proton decay via Higgsino mediated di-
mension five operators, we assume that the SUSY
scalars participating in this process are sufficiently
heavy (& 20 TeV), such that the lifetime predictions
do not contradict the current experimental bounds.
III. b− τ YUKAWA UNIFICATION
Many realistic SU(5) models predict b−τ Yukawa
Unification (YU) [20] which would also hold for the
χSU(5) model. Referring to Table I, consider the
following dimension-five terms that generate masses
in SU(5) for down quarks and charged leptons [21–
23]
εαβµνδ
Λ
(
fijF
αβ
i T
µν
j Φ
δ
ρH¯
ρ + f ′ijF
αβ
i T
µρ
j H¯
νΦδρ
)
+ h.c.,
(3)
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FIG. 3: MX(defined in eq.(1)) vs. 
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FIG. 4: Proton Lifetime vs. (blue line). The green
line denotes the 2σ experimental bound on proton
lifetime set by Super-K[18], and the red line is the
expected 2σ sensitivity at Hyper-K [19].
where fij , f
′
ij are dimensionless constants and the
Greek letters denote the SU(5) indices. Ignoring the
first two families, the usual b−τ Yukawa Unification
condition at MGUT is modified to [22]
yb − yτ ≈ 5f ′33
MGUT
Λ
. (4)
With MGUT ≈ 2 × 1016 GeV, Λ ≈ 5 × 1017 GeV
and f ′33 of order unity, this can modify exact b −
τ YU by up to 10% or so. This is in addition to
any modifications arising from mixing between the
families.
Finite one loop SUSY threshold corrections [24]
are known to play an essential role in realizing b −
τ YU in SUSY GUTs. In Figure 5 we show the
two loop running of yb and yτ with tan β = 50,
the SUSY scale is 3 TeV, and the leading radiative
corrections to yb, denoted by δ
finite
b , [24, 25] vary
from 6-16 %. Radiative corrections to yt and yτ will
be ignored. For the corrections to yb set equal to 12
% the YU condition is well satisfied, in agreement
with the results in ref. [25]. However, deviations
from this value yield approximate YU, which can be
4attributed to the presence of SU(5) breaking terms
arising from the dimension five couplings in Eq. (3).
In Figure 6 we display this phenomenon with tan β
set equal to 20.
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FIG. 5: yb/yτ versus µ, the energy scale, for
tanβ = 50. yb − yτ at MGUT are 0.06 (top), 0
(middle) and −0.04 (bottom). δfiniteb denote the
size of the finite one loop corrections to yb.
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FIG. 6: yb/yτ versus µ, the energy scale, for
tanβ = 20. yb − yτ at MGUT are 0 (top curve) and
−0.01 (bottom curve). δfiniteb denote the size of the
finite one loop corrections to yb.
A recent paper on b−τ YU in SU(5) presented re-
sults based on a SUSY breaking scenario that yields
non-universal gaugino masses at MGUT [26]. A num-
ber of solutions compatible with the current exper-
imental constraints from LHC, Planck and direct
dark matter detection were found. These include
gluino co-annihilation in which the gluino is nearly
degenerate in mass (∼ 1−2 TeV) with the LSP neu-
tralino, as well as several other cases in which the
gluino can be considerably heavier, of order 4 TeV
or so. The benchmark points shown, which take into
account the finite one loop corrections, exhibit b− τ
Yukawa Unification at the level of 8−10%. This can
now be understood in light of the modified Yukawa
condition in Eq.(4).
IV. INFLATION, MONOPOLES AND
COSMIC STRINGS IN SU(5)× U(1)χ
To see how the cosmic strings may survive infla-
tion while the monopoles are inflated away, consider
the well-known superpotential W and Ka¨hler poten-
tial K for implementing hybrid inflation associated
with a symmetry breaking G to H [27–30],
W = κS(ΦΦ¯−M2),
K = |S|2 + |Φ|2 + |Φ¯|2, (5)
where Φ, Φ¯ denote the conjugate pair of Higgs super-
fields responsible for breaking G→ H, S is a gauge
singlet field and M denotes the scale at which G is
broken. A U(1) R-symmetry restricts the renormal-
izable terms allowed in W . With minimal W and K
this yields successful hybrid inflation in agreement
with the Planck observations [31].
Inflation is driven by a scalar component of S, and
Φ, Φ¯, referred to as ‘waterfall’ fields, acquire their
VEVs at the end of inflation. If G is U(1)χ then
cosmic strings will appear at the end of inflation.
Following [29] the U(1)χ symmetry breaking scale
µχ in this case can be as low as 6× 1014 GeV or so,
which yields Gµ ∼ 1.5× 10−8 for the dimensionless
string tension, where G denotes Newton’s constant
and µ ' 2piµ2χ [32]. This prediction of Gµ is compat-
ible with the Planck bound Gµ < 3.7×10−7 derived
from constraints on the string contribution to the
CMB power spectrum [33].
A modified version of this minimal scenario em-
ploys a non-minimal Ka¨hler potential [34] and the
inflationary predictions are in agreement with the
recent Planck results [31]. If the symmetry break-
ing G to H produces monopoles, we can use a non-
minimal W and minimal or non-minimal K. In this
so-called shifted hybrid inflation [35] both S and the
waterfall fields take part in inflation, such that the
monopoles are inflated away.
Shifted hybrid inflation was successfully imple-
mented in SU(5) in [36]. To include U(1)χ in this
scenario we can introduce in W the following terms
W ⊃ σχSχχ¯+ λT (χχ¯− µ2χ) + ζχ¯νci νcj , (6)
where νci , ν
c
j denote the right handed neutrino super-
fields, and the second term implements U(1)χ break-
ing along the lines mentioned earlier. Also, in K we
5include the terms
K ⊃ κST
M2p
|S|2|T |2 + κSχ
M2p
|S|2|χ|2 + κSχ¯
M2p
|S|2|χ¯|2, (7)
such that T and χ, χ¯ fields stay at the origin during
inflation with suitable choices for the dimensionless
parameters in Eq.(7), while S and the SU(5) adjoint
field participate in shifted hybrid inflation. In this
case the SU(5) monopoles are inflated away and cos-
mic strings appear after inflation is over. Note that
the dimensionless string tension in this case can be
significantly lower, depending on the U(1)χ breakig
scale. The inclusion of U(1)χ has the added advan-
tage that we can implement leptogenesis at the end
of inflation which we will not discuss here. [ For
a discussion on how cosmic strings can survive in-
flation in non-supersymmetric SU(5)×U(1)X , with
U(1)X a global symmetry, see ref. [37].]
V. SUMMARY
We have argued that χSU(5), based on the gauge
symmetry SU(5)×U(1)χ, is a compelling extension
of the SM and MSSM, which presumably merges
into SO(10) and quantum gravity at a cutoff scale
Λ ∼ 5×1017 GeV arising from the weak gravity con-
jecture. The U(1)χ symmetry prevents rapid proton
decay and its unbroken Z2 subgroup ensures sta-
bility of the neutralino LSP, a viable dark matter
candidate. With MX relatively close to Λ, we have
explored its impact on gauge coupling unification,
b−τ Yukawa unification and proton decay that arise
from considerations of dimension five operators sup-
pressed by Λ. We briefly discussed how a successful
inflationary scenario can be realized in this frame-
work such that the superheavy SU(5) monopoles are
inflated away but topologically stable cosmic strings
from the intermediate scale breaking of U(1)χ may
be present in our galaxy.
Finally, let us note that a black hole may carry a
quantum number (‘hair’) [38] associated with the un-
broken discrete Z2 symmetry from U(1)χ, which sug-
gests an intriguing relationship between black holes,
dark matter and strings.
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